Case II2 This 15 year old boy had always been clumsy. Since the age of 10, he had noticed generalised muscle stiffness which increased with physical activity such as walking upstairs, running and skating. For some time, he was aware of difficulty in releasing his grip and his fingers tended to cramp on writing. He had noticed involuntary twitching of his fingers, forearm muscles and thighs at rest and it was more pronounced after a forceful voluntary contraction. Muscle cramping and spontaneous muscle activity were particularly unpleasant when he re-entered the house in the winter, for example, after a game of hockey. Since the age of twelve, he had noticed a tendency to trip. Subsequently he developed bilateral foot drop and weakness of his hands. He denied sensory symptoms and perspired only with exertion.
The term "neuromyotonia" was coined by Mertens in 1965' to define a syndrome of delayed muscle relaxation after voluntary contraction resulting from a disorder of peripheral nerve rather than muscle. Affected patients complain of muscle stiffness and cramping and show fasciculations and myokymia. Regional neuromuscular blockade with curare established the neural origin;'2 in fact, hyperexcitability and ectopic impulse generation may occur along the whole length of the motor axon, including the terminal arborisations. 3 Moreover, hyperexcitability of nerve membranes may be present in sensory, as well as motor axons, in spite of few sensory symptoms. 2 Neuromyotonia has been observed with or without overt peripheral neuropathy.4 There are, however, few descriptions of hereditary neuropathies with associated neuromyotonia,259 and the precise mechanisms of the neuromyotonia are still in some doubt. We report our observations in two siblings of Chinese origin, born to unrelated, healthy parents. Symptoms of neuromyotonia had been present since early childhood, accompanied by a progressive motor deficit in distal muscles of the upper and lower limbs. Electrophysiological studies provided further clues on the mechanisms of the abnormal spontaneous nerve activity. A favourable therapeutic response was seen with diphenylhydantoin, carbamazepine and tocainide.
Case reports
The family tree is illustrated in fig 1. All family members received a full clinical and electrophysiological examination. Only II2 and II5 were affected.
Case II2 This 15 year old boy had always been clumsy. Since the age of 10, he had noticed generalised muscle stiffness which increased with physical activity such as walking upstairs, running and skating. For some time, he was aware of difficulty in releasing his grip and his fingers tended to cramp on writing. He had noticed involuntary twitching of his fingers, forearm muscles and thighs at rest and it was more pronounced after a forceful voluntary contraction. Muscle cramping and spontaneous muscle activity were particularly unpleasant when he re-entered the house in the winter, for example, after a game of hockey. Since the age of twelve, he had noticed a tendency to trip. Subsequently he developed bilateral foot drop and weakness of his hands. He denied sensory symptoms and perspired only with exertion.
He was muscular with well-developed proximal muscles. This contrasted with moderate wasting and weakness of the wrist and finger extensors, the intrinsic hand muscles and also the peroneal and intrinsic fott muscles. Sensory examination was normal. Deep tendon reflexes were reduced and ankle jerks were absent. The plantar responses were flexor. When he was fully relaxed, brief, repetitive twitching of his fingers and myokymia and fasciculations in the proximal muscles were clearly apparent. After forceful flexion of the fingers, the grip release was slow and delayed, with the appearance of action myotonia, yet percussion of the thenar eminence produced no abnormal muscle contraction. Percussion of the tongue, however, resulted in a focal tonic contraction, lasting several seconds, which subsided into fasciculations. Strong voluntary contraction of his quadriceps was followed for 10 to 30 seconds by a persisting, involuntary contraction of the muscles, which subsided into myokymic activity and fasciculations. The Trousseau sign was positive. Within 10 seconds after inflation of a blood pressure cuff, the fingers began to twitch and by 35 seconds they were drawn into a carpal Figure 2 Illustrations of the types of abnormal electrical activity recorded in Case I12: A) Two typical neuromyotonic discharges, the first ending, and the second beginning, quite suddenly. Recorded with a concentric needle electrode in the tongue. B) A typical myokymic discharge recorded with a concentric needle electrode in the deltoid muscle. The grouped discharges recurred at the rate of 10/s. C) A single neuromyotonic discharge in the hypothenar muscle of high enough amplitude to be recorded with skin surface electrodes. D) Abundant abnormal spontaneous activity recorded with a concentric needle electrode in the hypothenar muscle. The discharges were neuromyotonic. The muscle was at a normal temperature 37-5°C. E) The same hypothenar muscle as in D, but cooled to 22°C, at which time much of the abnormal activity had disappeared. recruitment patterns, but considerably increased amplitudes of single motor unit action potentials. Firing rates were also increased. The motor unit action potentials were often polyphasic and mildly increased in duration. These electrophysiological findings indicated a motor neuropathy, with chronic partial denervation of muscle and collateral reinnervation.
The unusual feature of these cases was the presence in resting muscles, of frequent, very high voltage, spontaneous discharges which appeared in a variety of forms, the most constant being typical neuromyotonic discharges, but also occasional myokymic and random discharges. These were recorded from the tongue and from proximal and distal limb muscles (fig 2) . In the relaxed patient, frequent, repetitive bursts of high voltage electrical activity were easily recorded with surface electrodes from the hypothenar eminence. The abnormal electrical activity in resting muscle was increased by voluntary activation of the muscle, but not by mechanical or electrical stimulation of the nerve supplying the muscle. The spontaneous activity was also greatly enhanced by nerve ischaemia after tourniquet application. Cooling of the limb to 22°C almost eliminated all abnormal spontaneous activity yet it was prominent during rewarming (fig 2) .
A regional curare test was given to assist in determining the origin of the abnormal dis- abnormal spontaneous activity could still be recorded in resting muscle and after voluntary activity and ischaemia. A variety of forms was observed from single to repetitive discharges of myokymic or neuromyotonic pattern, yet there were no prolonged trains of high frequency discharges. Muscle biopsyfindings: The muscle biopsy of II2 showed typical findings of chronic partial denervation and reinnervation. Groups of small angular fibres ofeither fibre type were seen next to large groups ofhypertrophic muscle fibres ( fig  4) . Examination with the electron microscope revealed changes of denervation. Endplate regions and intramuscular nerve twigs were not observed. An attempted biopsy of the sural nerve was technically unsatisfactory.
Discussion
It is likely that the two children in this report have an inherited motor neuropathy with accompanying neuromyotonia.
The first description of such a familial occurrence of distal muscle atrophy, delayed grip release, muscle cramping and fasciculations in two brothers is by Grund.78 Grund accurately recognised the myokymic features as being possibly neuronal in origin, but considered an abnormality of the autonomic nervous system as their cause. Gamstorp and Wohlfahrt5 described two patients (Cases 2 and 3 of their report) with classic clinical and electrophysiological signs of neuromyotonia in association with a profound, slowly progressive distal motor neuropathy. Case 2 appears to have been sporadic, while case 3 was inherited, with onset of symptoms in early childhood. When examined in his early twenties, the patient showed advanced atrophy ofall muscles below the knee and moderate wasting of the small hand muscles. The patient's father had had signs of a neuropathy since early life, yet apparently had no neuromyotonic symptoms. There is, however, no record of an electromyographic examination. As illustrated by our case I15 abnormal spontaneous nerve activity may not be detected on clinical examination, even when it is abundant on electromyography.
The most detailed documentation of a familial axonal form of this condition is that of Lance et al. 2 The two siblings both had chronic weakness and atrophy in distal muscles and associated symptoms of neuromyotonia and myokymia, dating back to early childhood. In elegant electrophysiological studies, the authors documented an abnormal hyperexcitability of motor Ectopic impulses appear to be generated at multiple trigger sites or along the entire length of the axon in cases with overt peripheral neuropathy23161' (and personal observation). Wallis et al3 in an unusual case of 2-4D insecticide poisoning, observed a 53% reduction of spontaneous electrical activity recorded from the hypothenar muscle, with an ulnar nerve block at the elbow. A subsequent ulnar block at the wrist, further reduced the abnormal potentials, thus indicating hyperexcitability of the axonal membrane throughout its length. In our patient the majority of spontaneous ectopic impulses appeared to be generated at a proximal site, since the nerve block at the elbow resulted in such a marked reduction of the neuromyotonic discharges. Our observations also differ from previous reports2417 in that the abnormal spontaneous activity was enhanced by voluntary muscle activation, but could not be elicited by either electrical or mechanical stimulation of the nerve supplying the muscle. Localised forearm ischaemia, however, induced a marked enhancement of distal spontaneous activity. These observations suggest that the nerve hyperexcitability is a generalised phenomenon, possibly related to a functional or structural abnormality of the axonal membrane.
Given property of both drugs to block sodium channels and stabilise hyperexcitable nerve membranes. A beneficial effect of tocainide on neuromyotonia has, to our knowledge, not been described before. We found tocainide to be equal to carbamazepine in the control ofmuscle stiffness and cramping. Electrically, both drugs abolished the long trains of neuromyotonic discharges at rest, yet they did not eliminate the repetitive, brief bursts of high voltage discharges that were particularly prominent after muscle activation and during nerve ischaemia.
Motor axons are well known to accommodate rapidly to a sustained depolarisation. This, according to a recent report by Baker et al,5' is mediated primarily by a slow, rectifying potassium outward current that can be specifically blocked by tetraethylammonium (TEA). These TEA-sensitive potassium channels are localised at the nodes of Ranvier. Their role seems to be to provide accommodation and spike frequency adaptation during prolonged depolarisation. Such depolarisation is, for instance, generated by prolonged voluntary muscle contraction or during nerve ischaemia. 32 The hyperexcitability of nerve membranes in these patients with neuromyotonia may be caused by an abnormal behaviour of membrane ion channels and a failure of accommodative mechanism.
